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Rad io te lemet r i c  Eva lua t i on  o f  t he  E f f e c t  o f  H o r t i c u l t u r a l  P rac t i ces  
On Pine and Meadow Voles i n  Apple Orchards: I .  Rotary Mowing 
Dale Hadison, Randall F i t zGera ld ,  Ralph Pagano and J e f f r e y  H i l l  
Department o f  B i o l o g i c a l  Sciences 
S ta te  U n i v e r s i t y  o f  New York a t  Binghamton 
Binghamton, New York 13901 
Abs t rac t :  P ine vo les  (M ic ro tus  p inetorum) and meadow vo les  (Micro tus  
pennsy lvan icus)  were s tud ied  i n  t h ree  app le  orchard p l o t s  i n  t he  Hudson 
V a l l e y  o f  New York du r ing  June and J u l y  1980. Selected vo les  from each 
p l o t  were g i ven  m i n i a t u r e  r a d i o t r a n s m i t t e r s  and then t racked before ,  
du r ing ,  and a f t e r  r o t a r y  mowing. 
A t o t a l  o f  1 1  p ine  vo les  and 6 meadow vo les  were t racked.  
Home range s i z e  was much l a r g e r  f o r  meadow vo les  than p ine  vo les .  
Dur ing mowing, meadow vo les  were n o t i c e a b l y  a f f e c t e d  by the  mower; p ine  
vo les  were n o t .  No change occur red i n  t he  area u t i l i z e d  be fo re  and 
a f t e r  mowing f o r  e i t h e r  species, nor  d i d  any s i g n i f i c a n t  m o r t a l i t y  
r e s u l t  f rom t h e  t reatment .  Voles o f  both  species showed a s l i g h t  bu t  
s i g n i f i c a n t  tendency t o  remain c l o s e r  t o  the t r e e  rows a f t e r  mowing. 
We conclude t h a t  r o t a r y  mowing has a  n e g l i g i b l e  e f f e c t  on v o l e  movement 
and s u r v i v a l  under t he  c o n d i t i o n s  o f  t h i s  study. 
P ine  and meadow vo les  a r e  among the  most p o o r l y  understood pest  
spec ies  i n  app le  orchards, y e t  they r e g u l a r l y  c o s t  east  coast  app le  
growers m i l l i o n s  o f  d o l l a r s  i n  p roduc t i on  each year .  Considerable 
e f f o r t  has been spent i n  t r y i n g  t o  develop e f f e c t i v e  c o n t r o l s ,  b u t  t he  
s e c r e t i v e  h a b i t s  o f  vo les  a r e  n o t  e a s i l y  s tud ied .  I n  a d d i t i o n ,  these 
rodents  have a  phenomenal a b i l i t y  t o  recover from temporary popu la t i on  
dec l i nes .  The problem o f  e f f e c t i v e  c o n t r o l  i s  f u r t h e r  confounded by the  
presence o f  two v o l e  species t h a t  have d i f f e r e n t  h a b i t a t  pre ferences,  
d i e t s ,  and behav ior  p a t t e r n s  ( ~ i t z G e r a l d  6 Madison, 1981; Madison, 
1980, 1981; McAninch, 1979; Pagano & Madison, 1981) and hence would 
l i k e l y  r e q u i r e  d i f f e r e n t  methods f o r  t he  most e f f e c t i v e  b i o l o g i c a l  
c o n t r o l .  
The present  s tudy i s  t h e  f i r s t  o f  an ongoing se r ies  o f  s tud ies  
devoted t o  measuring i n  what way d i f f e r e n t  h o r t i c u l t u r a l  p r a c t i c e s  
a c t u a l l y  a f f e c t  t he  movements and s u r v i v a l  o f  both  p ine  and meadow 
vo les .  Radiotelemetry i s  used t o  overcome many of t he  methodological  
shortcomings o f  prev ious s tud ies .  I n  t h i s  study, we r e p o r t  the e f f e c t  
o f  r o t a r y  mowing on v o l e  movement and s u r v i v a l .  
METHODS 
The s tudy was conducted on th ree  separate app le  orchard p l o t s  
w i t h i n  Stan ley  Orchards (owned by Stan ley  ~ o h n )  , Modena, U l s t e r  County, 
New York from 23 June t o  7 J u l y  1980. I n  t he  "pine v o l e  p l o t , "  t he  
h a b i t a t  cons i s ted  o f  o l d  t r e e s  w i t h  wide spacing between the  rows and 
t rees .  Forbs were common under the t rees.  P ine vo les  predominated 
about 4 : l  over  meadow vo les  i n  t h i s  h a b i t a t ,  and o n l y  p i n e  vo les  were 
s t u d i e d  here. I n  t he  "meadow v o l e  p l o t , "  the h a b i t a t  cons i s ted  o f  
t r e e s  l e s s  than 10 years  o l d ,  and the  spacing between rows and t r e e s  
was much sma l l e r .  Meadow vo les  were e s s e n t i a l l y  the e x c l u s i v e  res iden ts  
i n  t h i s  area. R ich  grass growth and more furrowed ground cha rac te r i zed  
t h i s  h a b i t a t .  Only meadow vo les  were s tud ied here. I n  t h e  t h i r d  
"mixed spec ies  p l o t , "  o l d  t r e e s  and young t r e e  i n t e r p l a n t s  were common. 
T h i s  h a b i t a t  was more heterogeneous i n  t r e e  age and ground cover than 
t h e  o t h e r  two. Both species o f  v o l e  were e q u a l l y  abundant, and both  
were s tud ied .  
A f t e r  an i n i t i a l  census p e r i o d  du r ing  May and June, we attempted 
t o  s e l e c t  t h r e e  a d u l t s  o f  each sex o f  each species f o r  r a d i o t r a c k i n g  
f rom t h e  3 s tudy  p l o t s ,  making 6  p i n e  vo les  from the p ine  v o l e  p l o t ,  6  
meadow v o l e s  f rom t h e  meadow v o l e  p l o t ,  and 6  o f  each species from the 
mixed species p l o t .  These an imals  would then be s tud ied  i n t e n s i v e l y  
u s i n g  r a d i o t e l e m e t r y  before ,  d u r i n g  and a f t e r  t he  mowing ope ra t i on .  
The r a d i o t e l e m e t r y  methods used have been repor ted p r e v i o u s l y  
(Madison, 1977; l l ineau & Madison, 1977). The one excep t i on  t o  the  
c i t e d  methodology i s  t h a t ,  ins tead o f  being a t tached t o  c o l l a r s ,  t he  
r a d i o t r a n s m i t t e r s  were encapsulated i n  p a r a f i n  ( ~ l v a x ,  Min imeter )  and 
implanted w i t h i n  the  i n t r a p e r i t o n e a l  c a v i t y  (see Smith, 1979, f o r  
s i m i l a r  techn iques) .  A one cm i n c i s i o n  was made i n  the v e n t r o - l a t e r a l  
abdominal w a l l  f o r  t h i s  implant ,  and the  i n c i s i o n  was c losed w i t h  4-0 
su tu res  (muscular l a y e r )  and a  wound c l i p  ( s k i n ) .  The vo les  were 
anes the t i zed  w i t h  e t h e r  d u r i n g  t h e  ope ra t i on ,  and a l l  vo les  were 
re leased w i t h i n  24 hours o f  t h e  ope ra t i on .  Subsequent t r a p p i n g  revealed 
t h a t  a l l  wounds healed q u i c k l y  and t h a t  no losses occur red because o f  
t h e  surgery .  The r a d i o t r a n s m i t t e r - b a t t e r y  packages weighed from 2  t o  
3 grams each (depending on the b a t t e r y  used), which i s  about 10% o f  
t o t a l  body weight .  
From t h e  t i m e  o f  su rge ry  on 23 t o  25 June, the vo les  were g i ven  
an a d d i t i o n a l  5  days t o  recover  from the  surgery.  Then, 20 "before" 
p o s i t i o n s  were ob ta ined  on each o f  t he  vo les  over  a  40 h  pe r iod  from 
1600 on 30 June t o  0800 on 2  Ju l y .  Mowing occur red between 0800 and 
1600 on 2  J u l y ,  d u r i n g  which t ime the movements o f  9 vo les  were 
observed i n  response t o  t h e  passing o f  t he  mower. The " a f t e r "  p e r i o d  
o f  20 p o s i t i o n s  was from 1600 on 2  J u l y  t o  0800 on 4 Ju l y .  The vo les  
were c o l l e c t e d  from 5  t o  7 J u l y  t o  recover the t r a n s m i t t e r s .  
The mower used was a  t rac to r -hau led  r o t a r y  mower. The r o t a r y  
u n i t  was o f f s e t  4  f e e t  behind t h e  t r a c t o r ,  and the re fo re  a l lowed some 
mowing under the  canopy o f  t h e  app le  t rees .  Blade h e i g h t  was v a r i a b l e  
a t  about 4  t o  5  inches above t h e  su r face  i n  o rde r  t o  keep the blades 
from h i t t i n g  rocks o r  o t h e r  o b j e c t s  ex tend ing above the  ground. 
Because younger t r e e s  had a  sma l l e r  canopy, mowing was c l o s e r  t o  t h e  
t r e e  base i n  the meadow v o l e  p l o t ,  bu t  here the furrowed s o i l  gave 
compensating p r o t e c t i o n  f rom exposure. 
The data  were analyzed two ways. F i r s t ,  t o  d e r i v e  an es t ima te  o f  
area, t h e  o u t e r  p o i n t s  o f  each s e r i e s  o f  20 p o s i t i o n s  were connected 
t o  form a convex polygon. The area i n s i d e  the  per imeter  l i n e  f o r  each 
v o l e  was measured be fo re  and a f t e r  mowing. A second a n a l y s i s  was 
conducted t o  determine whether vo les  stayed c l o s e r  t o  t h e  t r e e  rows 
a f t e r  mowing. For t h i s  ana lys i s ,  t he  d i s tance  from each p o s i t i o n  t o  
t h e  nea res t  t r e e  row was measured. For bo th  types o f  analyses, t he  
number o f  vo les  w i t h  l a r g e r  o r  sma l l e r  areas, o r  w i t h  p o s i t i o n s  f a r t h e r  
away f rom o r  c l o s e r  t o  t he  t r e e  row, were compared be fo re  and a f t e r  
mowing us ing  Chi square analyses. 
RESULTS 
General. O f  t h e  o r i g i n a l  24 vo les  t h a t  were expected t o  be moni- 
t o r e d  w i t h  rad io te lemet ry ,  o n l y  23 i n d i v i d u a l s  were g i ven  t r a n s m i t t e r s :  
6 vo les  i n  each o f  t h e  p i n e  and meadow v o l e  p l o t s ,  and 11 i n  t h e  mixed 
spec ies  p l o t .  O f  these 23 voles, o n l y  17 were monitored throughout 
t h e  s tudy p e r i o d :  6 i n  t h e  p i n e  v o l e  p l o t ,  4  i n  t h e  meadow v o l e  p l o t ,  
and 7 i n  t h e  mixed species p l o t .  The p o s i t i o n s  on these 17 vo les  
c o n s t i t u t e  the  data  se t  used i n  t he  a n a l y s i s .  Of t he  6 vo les  om i t t ed  
from t h e  ana lys i s ,  one (a meadow v o l e )  was k i l l e d  by the  r o t a r y  mower, 
4 cou ld  n o t  be t racked because o f  premature b a t t e r y  f a i  l u r e  (a problem 
s i n c e  reso lved) ,  and one disappeared ( e i t h e r  taken away by a  wide- 
rang ing p reda to r  o r  j u s t  never recaptured a f t e r  b a t t e r y  f a i l u r e ) .  
Home range s i z e  was consp icuous ly  d i f f e r e n t  between p i n e  and 
meadow vo les  (Tab le  I ) .  F i v e  o f  t he  6 home ranges f o r  meadow vo les  
were l a r g e r  than t h e  1 1  ranges recorded f o r  p ine  vo les  ( ~ i ~ s .  1,2,3). 
For meadow vo les ,  males tended t o  have l a r g e r  home ranges than females, 
b u t  t h e  smal l  sample s i z e  prec ludes any conc lus i ve  statement.  No such 
t r e n d  e x i s t e d  f o r  p i n e  vo les .  F i n a l l y ,  meadow vo les  r o u t i n e l y  moved 
between rows, whereas p i n e  vo les  r a r e l y  d i d  so. F i v e  o f  t h e  6 meadow 
v o l e s  had ranges spanning 3  t o  5 rows, and the  one female t h a t  remained 
w i t h i n  a  row moved a long 7 t r e e s  i n  t he  row. For p i n e  vo les ,  o n l y  two 
o f  t h e  1 1  vo les  moved i n t o  an ad jacen t  row, and one o f  these two d i d  
so o n l y  once. One female p i n e  v o l e  was unusual i n  t h a t  movements 
occur red a long  13 t r e e s  i n  one row (F ig .  3 ) .  
E f f e c t s  Dur ing Mowina. Whi le t he  r o t a r y  mower was moving a long 
t h e  rows, t h e  movements o f  t h e  9 vo les  (4  pine, 5 meadow) w i t h  rad io -  
t r a n s m i t t e r s  were observed c l o s e l y .  A d i s t i n c t  d i f f e r e n c e  emerged i n  
t h e  response o f  t he  two species. The p i n e  vo les  showed l i t t l e  o r  no 
movement (1-2 m maximum) d u r i n g  t h e  8 passes made by t h e  mower over  
p i n e  v o l e  burrow systems. For meadow vo les ,  a l l  5 showed movement 
d u r i n g  t h e  10 passes made by the  mower i n t o  t h e i r  l i v i n g  areas. O f  
t h e  5, 2  moved f rom 1 t o  4  t r e e s  away i n  t he  same row, and 3  moved 
i n t o  t h e  ad jacen t  rows. "Fleeing" o r  " rap id"  movements were observed 
up t o  20 m ahead o f  t he  approaching mower. Only du r ing  the  second 
pass o f  the mower f o r  one meadow v o l e  d i d  the  vo le  appear t o  en te r  a  
burrow system. Otherwise, a l l  meadow v o l e  movement seemd t o  be on the 
surface. A l l  p i n e  v o l e  movement appeared t o  be underground. 
Table 1. Home range s i z e  and d is tance t o  t r e e  row before and a f t e r  
r o t a r y  mowing f o r  p ine and meadow voles dur ing e a r l y  J u l y  1980. 
1 No. voles Sample Heans w i t h  la rger  means 
Var iab le  Sex N Before A f te r  Before Af ter  












E.1 3 0.720.4 0.4k0.1 
F 3 0.3f0.1 0.2f0.2 
M. pinetorum 
- 
M 6 1.1+0.5 0.8'0.6 5 1 





'sample means a r e  averages + 1 standard dev ia t ion  o f  the mean 
values f o r  each v o l e  
E f f e c t s  Before and A f te r  Mowin9 The sizes o f  the home ranges 
were measured before and a f t e r  mowing fo r  both species. No s i g n i f i c a n t  
changes occurred i n  home range s i z e  (Table l ) ,  and no s h i f t s  i n  home 
range l o c a t i o n  were ev ident  (Figs. 1,2,3). 
When the  distances o f  the pos i t i ons  o f  each vo le  t o  the nearest 
t r e e  row were measured, both p ine and meadow voles stayed c loser  t o  
the t r e e  rows a f t e r  mowing. This observat ion was s t a t i s t i c a l l y  s i g n i -  
f i c a n t  f o r  ine voles (X2 = 4.45, p < 0.051, and f o r  both species 
combined (xq = 4.8, p < 0.05), bu t  not  f o r  meadow voles separately. 
I t  should be mentioned, however, tha t  the actual  distances were small ,  
u s u a l l y  less  than one meter. 
F ig .  1. Home ranges o f  male (M) and female (F)  p ine voles before 
(so l  i d  l i n e )  and a f t e r  (dashed l i n e )  mowing i n  the p ine vo le p l o t .  
Tree p o s i t i o n s  a r e  shown by "+'I symbols. Rows extend roughly along 
a nor th-south ax is .  
DISCUSSION AND CONCLUSIONS 
The data c l e a r l y  show t h a t  under the condi t ions o f  t h i s  study, 
r o t a r y  mowing has on ly  a marginal e f f e c t  on vo le  movements and s u r v i v a l .  
The small bu t  s i g n i f i c a n t  adjustments i n  p ine vo le  movement i n  response 
t o  mowing a r e  somewhat s u r p r i s i n g  because o f  the expectat ion t h a t  
p i n e  vo les would no t  be bothered by mowing o f  grass above the per iphera l  
margins o f  t h e i r  burrow systems. What i s  being measured here could 
be a reduct ion i n  occasional sur face a c t i v i t y  by p ine voles i n  these 
areas. Meadow voles, i n  being much more wide-ranging and apparent ly 
used t o  t ravers ing  open areas between rows, showed no s t a t i s t i c a l l y  
s i g n i f i c a n t  changes i n  movement before o r  a f t e r  rowing. However, 
t h e i r  " f renz ied"  response t o  the mower, i n  con t ras t  t o  p ine voles, 
impl ies t h a t  t h e i r  momentary a c t i v i t i e s  a re  s u b s t a n t i a l l y  upset 
dur ing  r o t a r y  mowing. I n  what way t h i s  response might be used f o r  
c o n t r o l  purposes can o n l y  be speculated upon a t  t h i s  stage i n  our 
s tud ies.  
What c l e a r l y  has t o  be done i s  t o  now a l l  the vegetat ive cover 
beneath the apple trees. Both v o l e  species depend a t  l eas t  t o  some 
degree on t h i s  cover, and r o t a r y  mowing between rows on ly  t r ims  the 
edges o f  these l inear vegetat ive refuges. It i s  speculated tha t  i f  
Fig .  2. Home ranges of male (M) and female (F) meadow voles before 
(101 i d  l ine) and a f t e r  (dashed l i n e )  mowing in the meadow vole p l o t .  
Dots a r e  drawn along the perimeter l ines o f  one vo le 's  home range 
t o  a i d  reading of the f igure.  See Fig.  I fo r  further  d e t a i l s .  
F i g .  3. Home ranges o f  male (M) and female ( F )  p i n e  (p) and 
meadow (m) v o l e s  b e f o r e  ( s o l  i d  l i n e )  and a f t e r  (dashed l i n e )  




















F i g .  3 (cont inued) .  T h i s  s e c t i o n  o f  t h e  study p l o t  i s  south 
o f  t h e  prev ious sect  ion. 
a l l  t h e  vege ta t i on  were mown, and the  c l i p p i n g s  e i t h e r  c o l l e c t e d  o r  
pu l ve r i zed ,  t h e  meadow v o l e  popu la t i on  would be ext remely  vu lne rab le  
t o  a l l  k i n d s  o f  l o s s  (exposure t o  p reda to rs  and weather extremes) and 
be fo rced  t o  e n t e r  t he  burrow systems a long the  t r e e  rows. Jus t  what 
e f f e c t  t h i s  f o rced  h a b i t a t i o n  would have on the movements and s u r v i v a l  
o f  p i n e  and meadow vo les  i s  n o t  known, b u t  t h i s  i s  one problem t h a t  
w i l l  be exp lored d u r i n g  1981. The f a c t  t h a t  meadow vo les  do n o t  
commonly e n t e r  burrows under the  s t r e s s  o f  r o t a r y  rowing suggests 
t h a t  t h e r e  may be some dangers i n  do ing so. We hypothes ize t h a t  p i n e  
v o l e  f a m i l i e s  a r e  h o s t i l e  toward meadow vo les  i n  p ine  v o l e  burrow 
systems. 
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